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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit, 
•typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances will become stuck in the well or cause damage to the well. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con* 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the Invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 
tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

Figures LA, IB and 1C, taken together, constitute a partial sec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 
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Figure 2 is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 5 is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use in installing a metallic liner in a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
10 surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
20 is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the anas 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 24 slidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
30 inside surfaces of the arms 22 and the outside surface of expanding member 2k 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 24 which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 2k moves in a 
downwordly direction arms 22 fold inwardly toward the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 26 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place la the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the liner setting tool is assembled at the aurface, as 
described above, and a glaes cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the Uner. The assembly i. lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the eppUcation of 
fluid pressure to the cylinder, the piston 5k secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated Uner Ik and "iron out" 
the corrugations in the liner, so that the expanded Uner may contact the 
inside wall of the casing in which it is being Installed. Positioned on the 
shaft below the expanding member 24is a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant force. The force exerted against the am members being 
substantially constant, the force transmitted through the arm members to the 
Uner and to the casing will be substantially constant so that either .ticking 
of the tool in the casing or rupture of the casing la precluded. Of course, 
the force provided by the spring member is preselected so that the frtctional 
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forces between the tool and the liner and the pressure exerted againat the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

t 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slidably mounted on the shaft 
18 and held between the expanding element 2h and a cylindrical lower shoulder 
member 38 forming a portion of a differential screw element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 
10 element comprises shaft member 18 on the outside of which are cut male threads 
l8a, the lover shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4 la and k lb on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 38 is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines U5 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble Is a friction member, such as bow springs fc2, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads l8a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock -vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half. threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2. 5 -Inches 
Inside diameter. 

- 5 - 



736288 



Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slidably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lower 
bearing plate member 46 contacts the lover ends of the columns and ia moved 
upwardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, into 
which the ends of the columns are inserted. These grooves may^be shaped to 
conform with the s.iape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the 'spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The ends of the stops may mo*,e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve 49a 
is prevented from moving down by lower shoulder 38 connected to the shaft 18. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pine or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted in the races 47. The columns may be 
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.fitted closely together as shown, or may be spaced around the race, vith sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the colum may be varied 
widely, and the column ends may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel-chromium stainless steels, various copper base alloys, such 
> as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thus ; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft 13. 

For example, a group of columns 0.167-inch thick by 0. ^8-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I. S.I 
^0 steel, quenched ana drawn at 575°F. Each column was found to require a 
critical compression loading of 450 pounds in order to buckle the column. 
After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the snaps 
of this spring characteristic curve is described by curve OA'ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent typical working Units, which, of course, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
yield point may be used, while with, a great number of flexures, the working 
stress may be held to less than the endurance limit of the material of construe 
tion. In the above-mentioned tests, the lateral deflection was limited to 
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approximately one Inch, st which the longitudinal deflection was approximately : 
0.225 inches. From zero deflection to the maximum deflection, the 450-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection wss limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon compressions! loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0k inches 
(buckling) to about 0.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 42 engages with the 
wall of the casing and prevents thimble hi from revolving. With several 
revolutions of the tubing, lower shoulder 38 is mo** upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. 3nie load is transmitted upwardly against the lower end of 
expander 2U, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
30 ^ fore «° ln « description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan from the description, and, as such, these fall within the spirit 
and scope of my invention. 
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I CLAIM: 

1 1. A device for expanding a metallic liner inside a conduit which 

2 device comprises a shaft element, an expanding die member attached to said 

3 shaft element, said die member comprising a movable liner -forming member 
k positioned on said shaft and being radially movable in respect thereof to 

5 contact said liner, an expander member slidably positioned on said shaft 

6 between said shaft and said die member to move said liner-forming member 

7 from said shaft, and a constant force spring member positioned on said shaft 

8 to contact said expander member and to maintain said expander member against 

9 said liner-forming member, whereby said liner-forming member is urged against 
10 said liner by a substantially constant force. 

1 2. In a device for installing an expanded metallic liner in a 

2 conduit wherein an expanding die is moved through a liner positioned in said 

3 conduit to expand said liner: a cylindrical shaft element, an expanding die 
k member attached to said shaft, said die member comprising a plurality of arm 

5 members disposed around said shaft and being pi vo table outwardly therefrom to ' 

6 contact said liner, a cone member slidably positioned on said shaft between 

7 said shaft and said arm members to urge said arm members outwardly from said 

8 shaft, and a constant force spring member positioned on said shaft to contact 

9 said cone member and to maintain said cane member in contact with said arm 

10 members, whereby said arm members are urged outwardly by a substantially 

11 constant force, 

1 3* The device of Claim 2 wherein said constant force spring memb er 

2 comprises a plurality of columns disposed around said shaft, a first bearing 

3 plate member and a second bearing plate member, each of said bearing plate 

k members contacting opposite ends of said columns, at least one of said bearing 

5 plate members being movably positioned on said shaft and being in contact 

6 with said cone member, stop means connected to said shaft to limit the axial 

7 travel of said movable bearing plate member along said shaft, and compression 

8 means for maintaining a lateral deflection in said columns. 
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1 b. The device of Claim 3 herein said compression means comprises 

2 a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 wherein said stop means comprises a 
sleeve- like element connected to said movable bearing plate member and 

3 slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve-like element. 

6. The device of Claim 3 vherein said columns have a rec tang ular 

2 cross-section, the width being greater than the thickness, and having the 

3 wider face normal to the diameter of said shaft. 

7. A device for inst allin g an expanded metallic liner in a conduit 
which comprises a cylindrical shaft element; an expanding die member mounted 

3 on said shaft, said die member comprising e plurality of arm members disposed 

4 circumferentially around the outside of said shaft and being pivotable out- 

5 wardly therefrom to contact the liner; a conical expanding member slidably 

6 positioned on said shaft between said shaft and said arm members to urge said 

7 arm members outwardly from said shaft; a plurality of slender columns, each 

8 having a long rectangular cross-section and disposed circumferentiaUy about 

9 eald shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 

11 columns; limiting sleeves attached to each of said bearing plate members 

12 and slidably positioned on said shaft; a shoulder member on said shaft; a 

13 differential screw element connecting said shoulder and said shaft to apply 

14 a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 

17 transmitting their buck l i n g load to said arm members to urge said arm members 
outwardly vith a substantially constant force. 
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Use* toala at too \t* mmtKmri *tow> of tan **• «*to»«d to **U* 
tetf !• tto U i» M^ly jrofwMLO » 

i hi ■■ «U1 M«om Muck Is tto wall »r uttM Iwp to too *°7 

Mdbi Mtti wutrrtai la i«U m xwrmU, im cwUmNfl ^* to **»■ wtA 
pit cuwm to «kUi raptor*. 

M atjaot or Mm w i mt Umtleo to * tono* tor wljinc • «n- 
m 9 mMmm «to «r «uwr otoltor fw~»i« o> tto* » ft^- 
i« t« taoitoA ifditi » *o»* «^k». toot* 
torn! Mr tootolltof artoUto Uwi to « «*dt» * 



t to tto «o»*ti*. 9tUl aarttor omtort too toraototo to i 
•eoooto** «Mdto ftowic-too Mutts* *om wriH ***loi. * IWltor 
•»Q% 1* » — / to WH* H ttftojM to 

ferlc** Acm to rttor <*j*«to of tto tovaottoo rtU 1 



NfUMM to Ww f»Tlmf1n» towniytip* «X tto towattoaw 

Xa wm^Mi vita tto srw«* tomnttoB tto** to 
•tail, rem* «yrto« €torto» totoft naogrto— a W» ■■■lir, m «Jon»a*to 

.Mt adJMMBt MU.toAjF tor , torUf floto 

wwQm ot MIA colon a* tort mm a* mAA toortoc 
2D • «*to*lly ioa«\L* to fto»«* of tto ax* rtow i 
to ltott to. teCtofttaao of mU aotoa* Hiwi to ***** 
Mm «r aoto nto otootot >*» tto wliMltot of ■ ooai 



to • MdI for i 



to w m MQMfttai tto M*Mr *#ci*wt too Htor tots* towtoltoi to tto 
aafcdt to/ • Uftotootioll? com* tort form. 

Mr uimr «iU to tottor oontoi V jvtanoa* to tto folloa- 
tof tosvrtotdoD «d to* a — aiooy tof to»*to#» Wto«la» 
50 71f*«e U, 11 and IC, totoo tojritor, OBHrtltoto • forttol — 

tlseol tiow U • lanatoii aA —tofll— to of 



he- 
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Ti«uro Hit wBtiDcwl »to» «r *to apparttw of »i«ma 1* tatoc at 
llaa 2.3j aad 

rigor* 3 la a t^jdoAl »lot or i*eii*4 1014 o&tiarttoi far 

tb» coa»to"t ftuoa «partB« aariao of to« Ufa atlOB . 

SafarrlBC -to ua taiiap, Wpu* U U fete tottoa portlc- al* » 
liaax a ^aattlM tool ftrMiii laataUlaf a ■•tolUa Xlaar 1* • veil. »**.»* 
Fti»ia l* Tllatliatcn tto -iaLU aaetioa erf rash % **al aa& Flgnra 10 rcj^w- 
Mt i tea oppar mttn or tto tool. Tto MjmrfUft* too* il lo ob t ain * to 
lumn «%u tabu* if to i^ tif y *aA, vmpi-ujr, «y laaana Cw » 

■row tkioma* a •»» aaaUa, (aoi ab»*>0 u> 4 pott* la the a»«uc ■* t* 



wall, n iltiyM mttailj anjftWt llMor 1* ftorloitoi trc* am wimX, 
or ribar nlVM* .axiaabla -WrW, !■ ruul on tto tool- «w atmaatafl 
Umj is wonrart 1a poaittiai by «wiut tt its ifcwr aaft nth » cjliadrfoal 
^jlfl- Mto IS Md, «* tto lovar cud by ooatoct *lta a flxat-ataaa 
la$ 41a 17 la tba for* of * vonai dmlo n«* «toaa aa i a* a flrtx* 
ataaa aagaaalag 41a la tba — ■ Mowucftcr aeacxtto* • *»»• ■tp a nrtfc 41m U 
ftradiy at lasted to * eofftnUy lotMM, alaopatoft »rfJ«4rt£^ tolloa »teft 10 
*Ldt ftm a paraax at -U» v»5jj or tba tool. A* ta* aapaadlat, *!• 17 

*> it H 1 1« plbto totoaam-o laaa» abQttiaar 19 tad oolUf n tomato* onto On 
abaft. .A e\biUVi or mmh\m araa **. aMfbrably provltod »1U namUr 
aalaraj* portion* 0 **ar tto top; a* ttapoatft in tto foot or • ■rUaiar 

Nlill acntoat tto llaar to aa*to» «M CUal •%-» off aaaaHttac 1te •ottaaaaat . 
Umt lata * aitetaDtlBlDr ayllasriaU. atopa. T^a am aa aW o S aro aiaataUy 
c^eaaa to taa abaft ao as to to ao-abla pafcaaa lly firoa tto atoft by * taaarafl 
ogpaattlag m , at Ulaably po^tMaaft on tto abaft to *ana aa a aaaoM^atoaa 
taaaatay Bw «orfaoa of tba ml r at, a* tbOWB* am* aavartlj U» 
atoft to aa**** vita, toa ana and anta Uaai oaxaarU?. AdtaataaMnialj! tba 

ooaz&ing ate fit 



90 laaua aurfuaa of too aaaa 82 an! % 

ran aauac aasUoai, VsOaaUy oatoaaaal la abapa. fba aaaaMloa or tba am 
aaabar» U aoatnlial >y tto foaiUoa of Ua aaatox » iticb K«a* i 
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antll It eootaote aapOTao* &6 prorld*l ob toe abon. 
dooitrt]; AixvotloM *r»* ft* fold laaaxdljr to**** t* 
iMtlin tola lo |Um » tbo ihafi by ooU«i »T dmUr 
prorliUfl en too abaft. 

ftm «pnUi« tool, 'ooajartoina, «* <lM-«U#t die cad too aartaA- 
•Uy die la AMI tte^ tee ll**r to fX*«* W ** Olaae i» ^ V* 
flcet-eta* 41* pr^i*- ft «roi» dttoMblon o* to. Utor eo toot it 1* 
L oataexdly *#tMt itawUrftti artH- 



30 nrfM of tto uw nft to arettea mm aoea Motiri totoeto tad JJaiar cod 
too -mix or lla cadi* aid afrtt* * neU-tleJd aaaX. 

la osantloa, too liaer actus* tool la aaaaaWJ. at toe eajfecc, eo 
doaorlbea aod a fUaa tloto eaosmtod alto a rettooaa aaftarlal ear to 

anpood «W tM eorna j rted Wb» to CM toe liner. to* aaaaablj U lonne 
ixto tl» aall e* toe laoatlco at IttUM too ltaar la to aa aa*. A liquid, aacb 
aa oil. to tlaax p»H ondar praacare 4am «*• aall tnbdaf aa* flart Oreo* 
Ui NitMMr arorlaad to poliobad rol 31, torouo*. jerto # art tirto ajlto- 
iar 33 oeoatotad to «peer .eft of toe etooUcr ?*. Ifeoa ite apallaatloa ol 
fUdfl artoetn* to toe epltoder, o» elatoa to aea**«* to poitobed re* » 

*> aj^r*!* 1* «7U-d« 5>- Aatoooe* wi36ooaW«polliladn>4 3l.ftfla«*»ft 
18 era* iMtb la awM to* itooVatoer u^ a iin c, <!• 17- **- piaoo* A 

a*** ej-axdl, felto* toe Wlto*-* » too «aja»*l^ dJ. H oM tio m«-4- 
•taca die B era «rt*» epeeidlj Into to* aorrecetod Hear l* tad n*» oa»- 



90 Ua*r 



vail of too cadae; 1» It la bai*« la* tailed, MiSoftad on toe 

abaft bale* CM aajaadSQi aaW to to a aooatoat Woe ajalag aaator 71 toito 
la ooplefe* to erg. tbe eaperdtoe; aeeftw aajo^ tto eapeedtoi « » a** a 
c^toetleUy MUni. fbroa. fte forea oarUd daOlMX tha «x* aaKbixa Win* 
^obrtaatlaUy ooflattot. tbo ftroo ttoaaatttad tbroaab tba aim aaabara to 

aad to tta daaio« f»U ba aototairtioW' aaoatoBt tt« altfaar fblaW-a 
Of 11m tool da tb» oaaUf or ttaton of too emaiat la araoloAaa. W aouraa, 
to too oprttti aoajtoc it praaaloctod to that too MeUooal 
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loroat fattvMo too tool m4 tte User ooA too pr»«om «a»rtol «o*tetl too o*»- 
ln4 oro — ol ffMitmdMd Mf» wm to ut wru oprtoj 

mIp unm toot to* «oHut *r«0ftw« >^w- V* u»«r fozotoe to*"** 9 
rf«mp.aii frwt oaoo* V, ororUft tot tottxft* OoTwtlm of to« 
to*, «MU i— «o»Uog iMfli to to* «uiAg or to too tmx. 

The igutMt faxoc opri<« lOJttor 5? U oil**** oouotoi oo too J*rt 
IS Mi MM tot— tto Mrtm HMt^ 01 Mi • syUoortoftl Mr oto-Mo* 
ootoor 99 f Hndo* * parU<K of o, tifforootiol ktwh n nu t 99 
tM loottoc co «r*to« o-ta * to toftft ootoor 30. 9 
10 limit oooprl*** Atofl oowlir 10 om too ootrtt* of voito 



. U prorUot vlto tli Mlf Wo oM *» to too oototo* ool to* ^ 



to vttotul w| u#» U»U oto «Jftor U pttek w u-k oftototer » U "twoa 
MMMtly om tfai amlt 10 tooa too 1* nUU« to totoUo *1. 

Pa *W » 1. Ti^rr- to to. oteft 10 V -oU-ft *J *o toot it cm illto 
U ^tfHia>y « tot it to oot rr*t to rototo <* «*» otoft. 7lw*iy ottotoot 
to too laov m* e* tto tottol* U o rAetieo ootoor, Mob oo to» ft*rto#i **/ 
» i*oxxalioollx rt*-^*^ frlcrtio* j*o, or otter wo* ftoHot for fSrtotJ ooftliy 
—HU+xit* too tooUo mil of too «OE4*t to too totoblo tootoot 

totoU« otto toopoto to too otoft- Frofortoly, too < 
ootoor torooto 30* to too ooto m 

hb* Ha pali. aoo too oiMft* or loot, of tonoto 10m U ftU^stly ptotor ' 
toot or tofooto 96», olU too filtoU itoto teto* ftlooo to oMtr. 1> toto • 
etoek.1.. rooputlom of too otoft olftto to too toltolft ftm-ft* 
• >9 to ottoooo upoor* ftUo**** «d * oooj«»otoo loot |o < 

37 to coooe toxtllM> fto eo» ootivrtotojr 

tiff oroBttol ocffoo w«lt<9 ootoi fi~ *** ooo-toir toitod./lmch ««m 
torooflo oo iAiftajnMtofeily 1.7-lftch ootoiio tloottor oto floo oot U*oi- 
tpntoro tteooto/lM» -ojmto tojooto m ft tormMft* oppKBdootoXr 



• 5 - 



Mi' 
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F IB. Ifcparl 



OOAttmt fare* rfrt«o U M oa^riws «*i*n •UmmA k), 

u««3wl7 •w*tH***« or • ylorolitr o* «3oB«ot*a: oai*w» oroooA ofcan 

IB. Vppur WwW f3M* taster to U U eonteat nitfc V- ojo*» °* ^ 
» «t So *11o*oM |o*itLooc4 o» .**« Jfi to tn«M* «- foroo of «c 
UMl too OolOu- **o or «xpmai »«w«r s*. 
It oootoco* «o» «*> cf the «ote toft 10 i 
vntly *lor* to* oooft O7 l*o**0*M**i •* ***** * • 

looolt of r%>*i«i*« 4iffwwU-i omo olomoit 59- Oramt *7 «ro p»r*tAoi 
is oosfe or to* ooorloo; o3»t*«« **» ft" 
3D *do> oou of too ■o frw M «• tow 

oorfom «t» «» •**fo or too ooteom oofe U nut. A oowr *• i 



to* fsrlig- 

A utti cor UaLiW a- ««n*rtlw «>r u* ooten U m<uir»d. 

AltW»*> U» OolOW «H fWCMOM iO O MttffO OBOUtSOO, 

MOt «nlTr npmdN looA tooxvto no*OA 00*00 total W^rt or roptare of 
•dDmk*. Jtofto*. * o*ir of otoe* *9 -* *$• «• owi*** rar tot. p*r»o». 
A« rims, U» otopo «i« rlitflf eoo»Hc* to too Writ* »>oU*, ooo, U 
•fftoot oc-pri- oopor om low lloiu^ *i~w p**ltt*n. A »th.omv> 
83 loOfLtadlxoOXr toorooo. «» «zrf« or to* *top* ooo 00*0 toooro, or •"** 

frcov 000I1 otoor 00 «oj loot bm to* «prin w^o low olowo *9* 

1. *mto- from ~*io« *— Vr -komll** » *ooo»oioi * V* ««t tf. 

■**• UO OOA* 1* »mO 0* to Halt V* t*41aal 

too oao**r» *» «*7 owvo too***** to i* *i i » lorooooo* 
i^waiUo* of to* oola- *l—t Moo* *lt*~ti~ -«d. fr ^ 
la* too*** to too oolooo owot m| oloo V* *oraA»*a. for oaopl*, fUi or 
rios* oooottA 00 too eo*ft«» oor^«-*«»jo, «xr Mm «r~r k8 prorl4-A *tb 
•miubx* oooo*aooio -*7 ta oo»!f*od for CM* yorooos W Uott lo*«ltaai«.i 
•sd/ar l*tor*l oorloetSOB of *oia**». 
30 n. aoloooo of to* cola- clew* *3 ooy *n»«ot «n*M tt. 

«oon 0> *doH 00 000*0 o*ro rorot • yorlloo «f tAo My of uo ojrlac 

1 m*s ct «»• aoloooo fl%»«l 10 10* 1000* *T. «■ mil l — "«y W 
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ttttad cloaaly toeaUa* oa abora, or »aur ha ij«m4 around II* *lth aca«- 

Mtora uad botoom Dm U> aaiatola the oauin* aparfag. «* 
P Ol aj aM fjJ«y<* will 4vi*td wfcm o»1m» olyiriuwiiuei and tbo vbruii of 
oaoaWuwUxn. Tor *B*plB t u» tiotimii r»*lo of tbt colon 0*7 to mxiaa 

*idai», ^ tk. odi» «** «•* to n*mi «■ hu«fed. n» 

mViiM» la a tbla, a)at**r talaaai tdtb tnaM aaaa, frao to awt altbla 
tba vmm I**** to tbo mdM ar « 
MtUfaetarlta m>*omi raw tto M*mj 
efenadM m* aliiaal ikwd«a *uu1n* Mm1«, «arlaoa a aa aa a W. aliOM, mm 
10 m Mm>m» Wo, fcarylUM mtot, t*a bl«b atakal allojv aM etba* glitter 
MtarUOa a»o*16i»« aatlafactoty M Mawtoai yaoparUoa. tjpUHlj, tba tadt- 
TLtaal aolMM **a or loo* I WMfdu croaa mmtUan, «iLb tfe» tUtfe total 
groat*? tha» tba uukaMi, an* arraMtd ao tbri V- wid«r xaoa of t>*> «a»«* 
U uml te XM rtlaaatWT of tf* aftafv. U*a, *l*b aortlcioB* eoa*nai«lM 
loading, tba ooloana tockla, art Wad abort tba art* MffUf tba loart »W» 
Of IwUl, o,*- # oaUMOftl7 "V **■ ^fl* 

for aaaspla, a ajoaj or mImm o.iftt-ioeb tide*. >y 0.458-10* rtAo 
V 10*6£-lBdM9 long, viu taa aada rew*«dr vera fahrloKtod. troa A.X.B-I 
tjao «*aal* apanabad oM dtiM at 979*1- aoliaai wm» fota* to ranln a 

AO crlttaal k^nKs leading or »>f0 poocd* i« o«d»r *o badklo u» aalnn. 
. Aftar tallUi* tba aolaa— vara ftMt to boaa a «T Hat •flag cbaroctart— 
We, m abon In Tuara % *-raia » e l* tba art ti art baartAag load art Misb 
0 MMb tbo load mA daftecUo* at abUb tba alra« 1* tba axbta-a ribaxa 
of tba oalMB i nM tM rtalA voiat of tba — rtartal. tbaoratdaallj. tba abaaa 
of tbl* aiaHas obaraatorlttle «m H daaaribM b, awwa Ot'UO, aotoally, 
tbti earn la taaortba* by COS Aua to motion la U* tyatao. K*oa* A aad ■ 
Tasraaaat tndoal UaSto, «<U^ of aoaraa. My ba varied aaeoxaUm to 

U* aaallaa^loo fo^ «ttlob tba «prfcO« l» daalMafl. Kr ommIo, aba»a a Joroa 
nObar of flaxtaf ayalaa art aot Mbloli^iad* a aorbJUf ittm *** balov tba 
50 ylali fo1a» »«» ba Mod, ^dU «ltb a grtaV «mW of floaorM, tba raUnf 

•dan mt ba bald to 1m tha* tba amtoaaea u»it of tba aorUriaJ of aoarbrae- 
mm. U tba aboM^MtSooad Mats, tba l*bna> dafbaotlM «aa Waatad to 



..t ■ . 



• T « 



|7/9j| 



httpy/patcnts I.ic.gc.ca/fcgi-bin/any2html 



9/1 8AK) 



007362S8dis.afpPage8 



Page) of 1 





IS 











toly cob Ino*. »t vtxloh too IcwLOtttti dafle»i»— opproMlaatol/ 



o.62j lftdto*. rm -ro «#fl*«tl«i to tb- «tnm 

iCftllfit ~ fMBl 40 *0 «**toBUoll? PC*»tt*t . 

, mA at*** * QTltlml tootlla« W »■ Utoial 

• l±«twa wt^. 0 ni «to«% J .00 facte* to ********** V°*- 

u«mtteHpit- «*» «»gT%-i«»i ipxm, ia» tffteti— fc ■» 

oatotaauaUr 0,000 aoaato aaa *r» a toafltatlaa tor\c«**« off 0.<* 1«M 
(aaaUlaa) to Otoat 0.1$ iaato* too 1MB** w — TMt-n y «* 



or uim, lm tort**!*! * jprUe otoaoto « ■*■■» ** 1 
to oVtola ffoatoot piuIkU lataa of aoOaoUa- to* •fMllUd 

mj*. «f totori -aflaoUoa •Attci tnklW to-d, — i***** 1 "* 
too •tna lo*ol U tl» ool» «* oiafanaa ool~ 

, ao aao» la Maatfao i> nd oaXttata fl*i « 



vltn 1Kb 



IB tbt CfTrtdc* Of ttot OA0~ DOg X MM tOOl fW NtWl • J 

in — U ««toaV aaap**» tool t» IoootoI, lata too ooll •* aaatloa-1 i 
rttt too w»* S2 la too rotoaotaa pooltloa. ■*« 1 
1ml, tw Mix tuhtaf So laaalwd. n» frlouaa i 
nllrftu iiflnoa a r - a ato toiaal. 41 i 

d»- 3B la atwo* ■ wil y Vy lUftntUH 
» 3T ■»» • jooaotooaioat osltloal 

•tot *v~**l* ***** °* °* * 

wptw to. aai lto to**** ««fa*l 10 a##l olUl to. 
tlx tj-l*- of Ua »m 11 to sp too oateualj *lto a i 

i toi critic tooWlm to-* at »• 
ejaa&iaf tool L* *oo-od throoa> cat Hoar to 
upend lt> !j> to. caatoa 1* U» **«ar tooerttod teralotoZoro. 
99 tao ft— pdag «**anrt3oa of a praf awaa oatottani 

too tooo *ooa for tao parpaoo of «-a>Ufl«VW». Zt aill 1 
wiMl BfltirLoallaw la too aotoUo of «■ 



. of ay lvoana 



aoa will 1 









2Hj 




■HgfKnB|| 
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